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Non-technical summary
The extent to which financial markets and countries have become more integrated has been a topic of intensive debate. This holds especially for the capital markets in the euro area, because of the rapid changes caused by the unification process in Europe and the introduction of the common currency. This paper investigates the consequences for an investor by directly comparing the results of a country-based investment strategy with the results of an industry-based strategy.
The literature in this area concentrates on the country and industry effects, following the seminal paper of Heston and Rouwenhorst (1994) . If country effects are higher than industry effects, it suggests that country factors are more important in explaining asset returns and hence that an investor is better off by diversifying over countries compared to diversification over industries. Most of the existing literature in the previous decade showed that country effects clearly dominated the industry effects, both on a global scale as well as in Europe. More recent papers showed that this dominance was slowly decreasing. Furthermore, there is some criticism on the methodology that these papers use. Several authors show that the methodology is somewhat restrictive and that other models should be developed to study the topic. This paper can be seen as a robustness check challenging the results of the existing strand of literature by using an alternative methodology and an up-to-date sample period. We do this by taking the view of the investor and study the amount of diversification opportunities based on the different strategies instead of trying to explain the asset returns.
The basis of this paper goes back to the fundamentals of financial theory: an investor should spread his investments over different assets such that the idiosyncratic risk can be diversified. A very intuitive way to do this is by plotting the mean-variance frontiers, based on the well-known Markowitz (1952) methodology. Both visually and statistically we compare the frontiers based on a pure country-based and a pure industry-based strategy.
The data used in the paper consists of MSCI country and industry indices rather than a set of individual stocks in order to keep the calculations tractable. The sample period is relatively short (1995) (1996) (1997) (1998) (1999) (2000) (2001) (2002) reflecting the fact that euro area stock markets have experienced substantial structural changes in the recent history. A joint stock return distribution based on a longer history might therefore not be sufficiently representative. With this dataset, it follows that an investor would have been better off by diversifying over industries compared to diversification over countries. This result holds both for the total sample period considered (1995) (1996) (1997) (1998) (1999) (2000) (2001) (2002) as well as for both sub-periods (pre-euro and post-euro).
The sample period considered has one interesting feature: it contains the IT-hype around the turn of the millennium. Asset prices of IT-and internet-stocks seemed to rise sky-high. This phenomenon was very industry-specific and it might influence our results and bias the results in favor of industry diversification. Therefore, we performed a robustness check by neglecting the IT-and internet-industry. Our conclusions stayed the same, though the difference between industry diversification and country diversification was not as clear as in the normal case. Not as a surprise, an investor that considers both types of indices can find a better diversified portfolio. The robustness checks show this result even clearer.
Also, we consider the robustness of our results with respect to different volatility regimes. This is done using a new approach with which we can estimate the conditional covariance matrix. This allows us to control for one of the most characteristic features of stock returns: volatility clustering. The estimated covariance matrix contains conditional estimates for all variances and covariances. This information can then be used to form a conditional mean-variance frontier on each period in time. We don't show all the frontiers, but select some on the basis of the time-varying volatility. Both in the case of a high volatility period and a low volatility period it follows that an investor is better off by diversifying over industries compared to diversification over countries.
The conclusion of this paper is that combining the fundamental economic theory of Markowitz (1952) with a recent sample period shows that a better portfolio can be constructed when industry indices are used instead of country indices only. The best portfolio can be constructed considering both types of indices simultaneously. These results are shown to be robust with respect to the ITbubble around the turn of the century and with respect to different volatility regimes. Therefore, we conclude that a pure-country diversification strategy for the euro area seems to be outdated. In other words, the traditional top-down allocation scheme, where it is first decided how to divide the money over several countries and secondly how to spread the investments within a country, seems no longer optimal.
Introduction
The extent to which financial markets and countries have become more integrated has been the topic of extensive debate. Capital markets in the euro area are an interesting subject of study, because of the rapid changes caused by the unification process and the introduction of a common currency. Our research question concerns the consequences of the ongoing European integration for investors in the euro area in terms of stock market diversification. In this paper we concentrate on the differences between investments strategies based on country factors and on industry factors Prior empirical research found that country factors dominated industry factors in explaining stock returns (e.g. Roll, 1992; Heston and Rouwenhorst, 1994; Griffin and Karolyi, 1998; Rouwenhorst, 1999) . These papers concluded that investing according to a pure country strategy outperformed a strategy based on information from industries only. In terms of portfolios, Heston and Rouwenhorst (1995) show that more diversification gains can be obtained when an investor diversifies over countries (compared to diversification over industries). and Isakov and Sonney (2002) show that industry factors (almost) match the country factors and expect that industry factors will become even more important. This conclusion is confirmed by the extension of the Rouwenhorst (1999) methodology. In his original paper he concludes that country effects still dominated industry effects in the nineties (based on a 1 For a more detailed discussion on European integration and changes in the European regulation system, see e.g. Hardouvelis, Malliaropulos and Priestley (1999), De Menil (1999) or Adjaouté and Danthine(2002) sample until August 1998), while a figure on his website shows that the industry effects will take over during 2000 2 .
Brooks and Del Negro (2002a Negro ( , 2002b Negro ( , 2002c In this study we want to test whether sector-based diversification strategies obtain higher diversification benefits than country-based strategies, applied in the euro area markets.
A priori, a confirmation of this hypothesis would not be a surprise, since it is expected/forecasted by economists. Already during the run-up to the introduction of the common currency, economists expected sector-based diversification strategies to become more important and slowly institutional investors redesigned their departments to take this into account. However, Rouwenhorst (1999) could not find any evidence of this expected shift with a sample until mid 1998. We revisit this issue with recent data and compare it with the results of Rouwenhorst (1999), amongst others.
This paper is not aimed at contributing to the (methodological) discussion on the relative significance of country and industry factors. Rather, we concentrate on the consequences of the changing structure of asset returns in Europe for asset management. This is also our main contribution to the literature: we go on step further and directly investigate the consequences of the changes in the markets for the portfolios of the investors.
The comparison of portfolios is done by standard mean-variance analysis. Using industry and country indices from the period 1995 till 2002 we construct mean-variance frontiers and directly compare the efficient portfolios. We show that industry-based diversification yields more efficient portfolios than country-based diversification in the euro area nowadays. The result is in compliance with the expectations based on economic theory, but in contrast with previous studies like Rouwenhorst (1999) . We also show that this is result is robust to changes in volatility and robust with respect to IT-hype around the turn of the millennium. The implication for asset managers is that they should generally no longer base their euro area portfolio on a country-diversification strategy.
The paper is organised as follows. In the section 2 we describe the methodology used in this paper. In Section 3 we discuss the data. The results are presented in Section 4 and Section 5 concludes.
Methodology and model specification
The main research question that we want to answer in this paper is whether diversifying over countries or diversifying over industries is the better strategy for the euro area. Then, before discussing the details of the methodology used, let us briefly review some underlying economic intuition. and the exchange rate of the euro with other currencies like the U.S. dollar and the Japanese yen, are the common factors that drive all stock returns. We expect that the shocks from these common factors will have the same impact during the integration process or may even become more important.
The effect of country specific factors is expected to decline over time during the integration process of the European countries. For example, the above mentioned interest rate is no longer a country specific factor as of the introduction of the common currency. Also, as of 1999 the exchange rates between EMU countries were fixed, which eliminates the exchange rate risk. On the other hand, some country factors will still remain. Investment barriers (like transaction costs) for investing in stocks of other European countries are lowered over time, but the costs of international investments are still higher than the costs of investing in domestic stocks. The difference between these costs may be an important reason for the home-bias effect 3 and the explanation for the relevance of the country factors. Other examples of country factors are differences in tax regimes, inflation rates, economic activity, legislation and natural events (like flooding) that have an impact on the economy.
The last set of factors is the industry factors. This type of factors is very important for pricing of individual stocks. R&D investments, mergers, acquisitions or bankruptcies within an industry drive market share, market value and returns of firms in that industry. We do not expect that the impact of industry shocks has changed very much over time in Europe.
However, the relative importance with respect to country specific factors is expected to increase.
Clearly, the numbers of factors that might have an influence on stock returns is very large, too large to specify them all. Moreover, we don't know the importance of each different variable and sometimes it is hard to find correct data that represent the (risk) factors we described. Therefore, like most papers in this field, we will not try to specify all possible factors 4 . Several of these studies show that the proceeding economic integration among euro area countries has important consequences for the factors driving asset returns in financial markets. In this study we want to concentrate on the implications of the changing structure of security returns for asset management. This will be done using the conventional theory of mean-variance analysis. The approach is relatively straightforward and intuitively appealing.
In order to keep the calculations tractable we apply this methodology to stock indices rather than a broad set of individual stocks.
Section 2.1 discusses the Markowitz (1952) mean-variance methodology. In the following section we describe the spanning and intersection tests that we use to compare the different efficient frontiers and the last section covers a multivariate GARCH-methodology.
This approach is used to see whether are conclusions are robust for different volatility regimes.
3 See e.g. Cooper and Kaplanis (1994) and Lewis (1999) 
Mean-variance frontiers
The unconditional portfolio optimization problem will be solved according to the methodology proposed by Markowitz (1952) where w represents the weight invested in each index, µ is the average return, Σ represents the corresponding covariance matrix of the return indices and ι is a vector with all elements equal to one. The investor minimizes the amount of risk of his portfolio as measured by the portfolio variance given a certain demanded return R and subject to the budget restriction that all weights should sum up to one. In this paper we will do the analysis for country and industry indices separately to get two efficient frontiers. Additionally, we perform the same analysis for all investment opportunities (country and industry indices together) to see the influence of the added indices. Naturally, this frontier will give the best investment opportunities, since the other two investment strategies are nested.
Spanning and intersection tests
In the unconditional analysis we use spanning and intersection tests to find out whether an investor can gain by considering more investment opportunities. The tests are described in for 
where R ind,t is Kx1 vector of industry index returns for time t, R cou,t is a Lx1 vector of country index returns for time t, ε t is a Kx1 vector of normally distributed error terms, α is a Kx1 vector of constants and β is a KxL vector of slope coefficients. The test for intersection and spanning can now be defined as a Wald-test on the estimated parameters. The restrictions imposed by the null hypothesis of intersection are:
where ι ind and ι cou are Kx1 and Lx1 unit vectors respectively with all elements equal to one. To summarise, in case the intersection test is rejected, it means that the meanvariance frontiers of the country indices and of both types of indices do not intersect for this specific interest rate and that this investor can find a significantly better portfolio by spreading his investments over both investment categories. When the hypothesis of spanning is rejected, we can conclude that the country indices do not span the universe of both types of indices or, in other words, that every investor is better off considering both investment categories.
Conditional Covariance Matrix
It is a stylised fact that the volatility of stock returns is not constant over time (heteroskedasticity). Especially over shorter horizons (e.g. when returns are measured on a daily or weekly basis) stock returns tend to display volatility clustering. This characteristic is important for managers that try to time the market. In addition, time-varying return volatility and cross-correlation also matters from a risk management perspective. One of the first models that incorporated this feature is the ARCH-model developed by Engle (1982) , later generalized by Bollerslev (1986) to the GARCH-model. This section covers a multivariate version of the GARCH-model in order to capture the dynamics of the volatilities and correlations. 5 The results are fairly robust. There are some minor changes in the p-values of the tests, but these do not change the conclusions. We will use this model to check the validity of our conclusions with respect to different volatility regimes. Combining the historical means (µ) and a conditional covariance matrix (H t ) in the investor's minimization problem (as described in section 2.1) results in the conditional mean-variance frontier. We are mainly interested in three different cases:
1. A period when the overall volatility is very low on average 2. A period when the overall volatility is very high on average 3. The last time period considered.
The first two cases are used as robustness tests on the analysis. Hence, we consider two different volatility regimes. The last case is interesting, because it takes all information into account. As said before, euro area stock markets have experienced substantial structural changes since the introduction of the euro, and joint stock return distributions estimated over samples which extend far back into the past might not any more be sufficiently representative.
Therefore, the last conditional covariance matrix might be insightful.
It is very important to have an accurate estimate of the conditional covariance matrix.
However, this is not a trivial issue, especially when the number of variables becomes large (because the number of parameters increases exponentially). We will use a special methodology for estimating the covariance matrix: principle components GARCH or O-GARCH, as proposed by Alexander (2000) . 
where R t represents a vector returns on period t (this can be the returns all country indices returns, the returns of all industry indices or the returns of both types of indices) and the vector ε t represents the error terms, which are assumed to be jointly conditionally normally distributed. H t is the time-varying covariance matrix. In this paper we will use the historical average of the returns for the expectation of the asset return (E(R t )). In future research this can be extended by conditioning on information variables, like the dividend yield, the term structure spread, the short-term interest rate and the default spread.
The matrix H t is the conditional covariance matrix of the vector error term ε t . An important part of this model is the specification of H t , because the number of parameters can be very large as soon as the number of return series is higher than two or three. In our case (using 10 industry and 11 country indices) it is necessary to find alternative ways to estimate the conditional covariance matrix. Different studies 6 proposed methods to study the changing correlations between assets. We use the Orthogonal-GARCH method (hereafter O-GARCH) as proposed by Alexander (2000) . This method transforms the series into independent series (the unobserved economic variables or the principal components), which reduces the number of parameters dramatically 7 .
We define the standardised return series as follows:
6 See e.g. Longin and Solnik (1995) and Engle (2000) . Especially the last method is very interesting when one wants to study the time-behaviour of volatilities and correlations in the euro area. 7 In some recent work Van der Weide(2002) proposes a generalized version of the Orthogonal GARCH, also called GO-GARCH. This version should have less identification problems and give better estimation results, especially when the data are independent. In our case the data are far from independent and some preliminary tests showed that the differences of GO-GARCH compared to O-GARCH are not large. Since we use monthly data in this paper and the GO-GARCH model has more parameters (caused by the estimation of the so-called rotation matrix) we stick to the O-GARCH model. where µ i and σ i are the mean and standard deviation for the return series R i . Let X be the matrix representation of x it . Furthermore, let V be the matrix of eigenvectors of X'X and Λ the corresponding diagonal matrix containing the eigenvalues. Then, the principal components (or the unobserved economic factors) are given by:
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By definition the created risk factors are uncorrelated. We can easily show that the covariance matrix of P is indeed diagonal:
The variance of the standardised and original return series is then equal to:
where M is constant matrix containing the average for each return series and D equals the diagonal matrix with σ i its principal diagonal.
The O-GARCH method is based on this orthogonal transformation. Instead of estimating very large covariance matrix with an exploding number of parameters with a growing number of return series, we can approximate the conditional covariance matrix by estimating univariate GARCH on each of the orthogonal series p it . 8 This will result in a timevarying diagonal covariance matrix for X: Λ t . Under the assumption that the transformation is also valid in the conditional case, the conditional covariance matrix of the original series H t is then equal to:
This conditional covariance matrix will be used for the creation of conditional mean-variance frontiers. 8 Since we use monthly data and hence the number of observations is relatively small, we do not estimate GARCH(1,1) for all series p it , because not all components contain heteroskedasticity. This concerns the principal components belonging to the lowest eigenvalues. These are exactly the components that have low influence. For a longer discussion on this topic, see Alexander (2000) . 9 See Alexander (2000) for a discussion on this restriction. 
Data
In empirical finance having the right dataset is very important, especially for this project. On the one hand we would like to have a very long sample of country and industry indices returns.
On the other hand, we want to be able to compare the results of the different sets of indices with each other. Preferably, to be comparable, the stock indices should be constructed out of the same pool of stocks. Since we concentrate on the stocks in the euro area, it is very hard to find a dataset that combines these two characteristics (unless one creates the indices himself). 
Results
This section presents the results of the methodology described in section 2. In section 4.1 the efficient frontiers are based on country indices, industry indices and both types of indices are 10 In the creation of the MSCI industry indices, MSCI also neglects the stocks from Luxembourg. Therefore, we ignored these stocks as well in order to keep the datasets comparable. 
Unconditional mean-variance frontiers
This section describes the results based on the full sample and two sub periods. Figure 1 depicts the unconditional mean-variance frontier of the total sample for three types of 
Robustness checks with respect to the IT-hype
Isakov and Sonney (2002) and Finland, respectively 12 . We should add that correcting for this phenomenon is very hard.
The hype around the end of the century not only directly influenced the rise (and fall) of the IT-related stocks, but it can be argued that it also changed the investor's view about stocks and investments in general. Therefore, excluding some indices from the analysis might not be sufficient to fully control for the effects of this phenomenon.
13
Before discussing the changes in the results we should repeat that the historical means used are based on a relatively short sample. We should therefore interpret the results discussed in this section with care. The statistics of the minimum variance portfolio (MVP) and the Sharpe ratio for all investment categories and all three robustness tests are presented in table 3.
Looking at table 3 we see that excluding some of the possible indices had an influence on the performance. Especially in the case of excluding 2 out of 10 industry indices it makes sense that the Sharpe ratio should decline. However, our main conclusions are still valid. Even in the case where we compare investing in all country indices with investing in only 5 industry indices (figure 6), still, the better diversification opportunities can be found by diversifying over industries. This evidence suggests that the rise in the technology markets has only strengthened the trend of more important industry factors. These robustness tests also show that diversifying over both categories remains the best strategy. 12 The exclusion of the Information Technologies and Telecommunication Serviced industries is clear (also following the literature). We also tested the exclusion of Finland, since Nokia heavily influences the stock market of Finland. In 2000 (at the top of IT bubble and the middle of our sample) Nokia represent 64% of the total Finnish market value! Furthermore, we should add that also most other country indices contain some IT-stocks and are thus influenced by this market. However, we cannot correct for that, since we are working with indices. Given the good performance of these stocks the mean-variance frontier should be even lower when we could correct for that. This fact also strengthens the results we report. 13 We thank the referee of the ECB working paper series for this point.
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Robustness with respect to differences in volatility
The second test we perform, deals with the robustness of our results with respect to different volatility regimes. For that purpose we use the O-GARCH methodology as described in section 2.3, which is a possible multivariate parameterization of a model with GARCHcomponents. Basically, the method identifies the principal components of the stock indices.
For each component we test for the presence of heteroskedasticity and estimate a GARCH(1,1) process if this is the case.
This procedure is followed three times: for country indices only, for industry indices only and for both types of indices simultaneously. Table 4 gives the estimates of the GARCHparameters for all the principles components that contained conditional heteroskedasticity. The table shows that the number of components for which the null hypothesis of no heteroskedasticity is rejected is relatively low: 4,3 and 2 for all indices, only country indices or only industry indices respectively. The variances of all other components are constant over time and do not play an important role for this robustness test.
The conditional volatilities are plotted in figure 7. For sake of brevity we only plotted the time-varying volatilities of the principle components when we consider both types of investments simultaneously. Figure 7 shows that there is quite some substantial variation in the conditional volatilities. Hence, we want to check whether our conclusions are valid for all possible volatility regimes. In order to check that we consider the efficient frontiers based on two different periods: a period with a relatively high volatility and a period with a relatively low volatility. In general, the volatilities seem to be high around the introduction of the euro.
Therefore, we chose December 1998 as the high volatility period. Two years later the average volatility seems to have hit a low: December 2000 is taken as the low volatility period. country indices in both periods considered. The only noticeable difference is the higher (lower) portfolio variance, which can be deduced from the shift of the whole efficient frontier to the right (left). For completeness we also plotted (in figure 10 ) the efficient frontiers based on the last conditional covariance matrix in our sample and again we find a similar pattern amongst the frontiers. The results of this section only strengthen our conclusions and show that an investor in the euro area stock markets cannot neglect industry factors.
Conclusions
The ongoing process of integration within the European Union and the euro area in particular Malliaropoulos and Priestley, 1999). This paper deals with the consequences of these changes on the diversification opportunities within the euro-zone. Special attention is paid to the difference between country and industry effects. Several papers that cover this subject (Roll, 1992; Rouwenhorst, 1994, 1995; Griffin and Karolyi, 1998; Rouwenhorst, 1999) document that country effects are more prevalent than industry effects. Recent research (Cavaglia, Brightman and Aked, 1999; Isakov and Sonney, 2002) reports that country effects are losing field, which can partly be explained by the IT-hype during the late nineties (Brooks and Del Negro, 2002a The test for intersection and spanning can now be defined as a Wald-test on the estimated parameters.
The restrictions imposed by the hypothesis of intersection are:
The intersection test tests whether there is one specific value of η such that mean-variance investors cannot improve their mean-variance efficient set by including the other set of indices. η can be seen as the interest rate, we used a rate of 3% per annum, thus η=1.0025 (the monthly rate in gross return)
The hypothesis of the spanning test can be stated by the following restrictions: 
